Lycorma delicatula is a reluctant pest capable of living in the stems of several tree species. The population has recently expanded in Korea due to several environmental factors including climate change. However, the precise reasons for this rapid and drastic increase in population size remain unknown. In order to examine the potential utility of this surplus biomass of Lycorma delicatula, we prepared an aqueous fraction from a dried imago, and tested its various antiinflammatory activities and effects on cytokine levels in lipopolysaccharide (LPS)-activated RAW264.7 cells. The aqueous extract of Lycorma delicatula showed potent inhibitory activity on nitric oxide production, by more than 60%, at a concentration of 300 g/mL. We also evaluated interleukin (IL)-13 level using enzyme-linked immunosorbent assays (ELISAs). The anti-oxidative fraction of Lycorma delicatula inhibited LPS-induced IL-13 production in a dosedependent manner, and T-bet promoter activity of cells treated with 300 g/mL of Lycorma delicatula extract was also dramatically inhibited to 62% of that of LPS-treated cells. Furthermore, we compared matrix metalloproteinase-7 (MMP-7), -9, -14 and -17 expressions using reverse transcription-polymerase chain reaction (RT-PCR), which showed a drastic decrease in RNA levels in cells treated with the anti-oxidative fraction. Together, the present results suggest that the aqueous fraction of Lycorma delicatula has potential to ameliorate inflammatory characteristics during an inflammation event, supporting the idea that the fraction may be applied as a biomaterial to prevent inflammatory damage in skin tissues.
Insects are the most well-preserved biota, and are estimated to consist of more than one million extant species [1] . Lycorma sp. is considered as a type of harmful insect because of its detrimental effects on the environment, especially on agricultural products [2] . Many studies have focused on methods of preventing the spread of Lycorma sp., but alternative is discarded as landfill. Since the first report of the presence of Lycorma sp. in Korea in 2006, reported occurrences have drastically risen every year. Soot disease by fecal can be induced by Lycorma infestation, which undermines the host plant's photosynthetic ability, thereby decreasing the market value of crops [3] . The estimated overall damage contributed by Lycorma sp. accounts for a 20-30% reduction in the total harvest productivity. Some chemicals, ahtara and mepeuchion, can effectively inhibit the growth of Lycorma delicatula, but the precise mechanisms of their actions have not yet been elucidated [4] . As an alternative to chemical pesticides, physical methods such as the use of storage nets and sticky traps are also used as an environmentally friendly method of pest control, but thus far, these methods have not been effective over the long term, since the pest can dramatically proliferate, adapt, and survive [5] . Despite its negative effects on crops, biological assays of the dried fractions of Lycorma delicatula have shown that it has beneficial properties including diuretic and antitumor activities, detoxification effects, and inhibition of fungi that cause skin diseases, rashes, and hives, among other effects [5] . This surplus of Lycorma delicatula should be controlled, and several studies have investigated methods for eradication. Before a clear solution for controlling this surplus can be found, a greater understanding of this insect's biological activities is required [5] . In this study, we, for the first time, measured the antioxidant activity and inhibition of expression of cytokines and the T-bet promoter by Lycorma delicatula fractions. The purpose of this study is that an aqueous fraction of Lycorma delicatula (named "anti-oxidative fraction") exhibited the potential to alleviate inflammatory damage.
To examine the cytotoxicity of Lycorma delicatula adult imago, we extracted 100 g of adult imagines with water, and prepared an aqueous extract [6] . We conducted a quantitative determination of the cell cytotoxicity effect after treatment with the extract in RAW264.7 cells using the MTT assay [7] . The anti-oxidative aqueous fraction of Lycorma delicatula (afLd) shows the cell viability after 24 h of incubation with different concentrations of afLD. Next, to assess whether the afLd induced T-bet promoter activity, we cultured the RAW264.7/neo/T-bet stable cells with LPS (1 μg/mL). afLd inhibited the T-bet reporter luciferase intensity in a dose-dependent manner (Fig. 1C) . Considering that afLd did not affect cell viability, this afLd-mediated reduction of T-bet activity was not due to its cytotoxicity.
As many in vitro assays using mouse spleen cells yield useful results for anti-inflammation, researchers often use these cells to evaluate the role of cytokines in interactions between Th2 cells and B cells. We examined whether afLd could inhibit the secretion of cytokine IL-13. The cytokine plays a pivotal role in Th2 cells, and then biosynthesize and move to B cells to transduce the signal to the NPC Natural Product Communications 2018 Vol. 13 
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nucleus to produce the resulting histamine. As shown in Fig. 2A , the level of IL-13 was considerably increased after stimulation with Con A for 24 h, and the secretion of the proinflammatory cytokine was inhibited by afLd in a dose-dependent manner in mouse spleen cells. Therefore, the results demonstrated that the afLd contained anti-inflammatory agents/compounds, which inhibited T-bet promoter activity as well as the expression of the Th2 cell-specific cytokine IL-13.
RT-PCR was performed in order to determine whether afLd inhibits the LPS-mediated induction of MMPs in RAW 264.7 cells, as the MMP family is involved in cell-cell mediated immune responses during cell homeostasis. The types of MMPs associated with the inhibition of LPS-mediated inflammation in RAW 264.7 cells were examined. The results showed that the RNA expression of MMP-10, -12, -13 and -16 did not change following administration of afLd (Fig. 2B) . By contrast, MMP-7, -9, -14 and -17 expression levels were markedly inhibited by administration of afLd, although that of IL-6 was not (data not shown). These results suggest that treatment with afLd is associated with the inhibition of MMP-7, -9, -14 and -17 may be biomarkers of anti-inflammatory events occurring during molecular inflammation in an in vitro system. Overall, we can conclude that the afLd is useful for shedding light on several biological processes, and can be developed for cosmetic ingredient purposes.
Insects are considered as a main component of Oriental medicinal resources. Twenty-two different types of medicinal insects were allegedly recorded in the first medicinal book (ShinNongBonCho Kyung in Korean; ShenNongBenCaoJing in Chinese), and 74 types were recorded in a botanical list named BonChoGangMok (Compendium of Materia Medica). In 1949, 13 orders, 51 families, and 143 species of insects were listed as Chinese medical fauna, and then 239 species, which have perhaps been handed down among generations, were listed statistically [8] . The insects' eggs, larvae, pupae, and imagines have all been used in Oriental medicine, especially from groups of insects that are classified for medicinal use, and have been exploited as valuable materials in Oriental medicine [9] ; however, in most cases, the pupae are preferred owing to their higher quantity and activity. Insect extracts contain lowmolecular weight antioxidants, and many different antioxidant effects of these extracts have been reported [10] . The insect extracts usually contain various phytochemicals including phenolic compounds, which are known to exhibit strong antioxidant activities [11] . Although only a few of these compounds have been analyzed, the larvae of Lycorma delicatula are known to contain abundant alkaloids [12] and various phenolic compounds exhibiting antioxidant activity [11] .
Inflammation is the most prevalent phenomenon occurring in the human body during abnormal conditions [13] . If the inflammatory event is prolonged to the point of chronic status, erosion, soreness, swelling, irritation, itching, pricking, redness, or edema will result [14] . Liu et al. reported that Mylabris sp., the Chinese blister beetle, possesses potent anti-tumor properties, but its clinical application is limited due to its highly toxic nature [15] . Cantharadin is a chemical compound secreted by Mylabris sp. that has medicinal properties. Although numerous analogs of cantharidin have been synthesized and tested in different tumor cell lines, there has been little success with respect to their clinical application because of their potential toxicity [15] . Besides Mylabris sp., more than 9 species in 7 closely related genera also contain cantharidin, including Lycorma, Fulgora, and Zanna [16] . These species may contain a new medicinal cantharidin resource, and biological relationships with respect to the biosynthesis and emergence of cantharidin are related to ecological factors [17] . Therefore, more attention should be paid to developing new methods of utilizing resources contained in living organisms with potential to be toxic to other organisms.
We previously established a stable cell line to assess whether or not the T-bet transcription factor could be activated by exogenous stimuli [18] . We here examined the effect of afLd and found that it inhibited the transcriptional activity of T-bet by repressing its promoter in RAW264.7 cells (Fig. 1C) . Although we did not directly test whether T-bet intensity may have a dual function of controlling inhibition and activation this effect, our data consistently demonstrated that the extent of decrease in T-bet transcriptional activity perfectly matched the concentration of antiinflammatory fraction used. T-bet has been well documented to act as a transcription factor for the onset of early inflammation, especially in asthma [19] , one of the most common inflammation symptoms/disorders.
MMPs contain a zinc ion in the catalytic site, which is ligated to a highly conserved motif with three histidine residues. Recently, a number of studies have shown that the activity of various MMPs is altered in certain pathological conditions, including osteoporosis, atherosclerosis, asthma, rheumatoid arthritis and cancer [20] . In particular, MMP-7 was shown to be overexpressed in Paneth cells in an LPS-induced model system and MMP-7-deficient mice were protected against LPS-associated inflammatory diseases [20] . MMP-9 has also been demonstrated to be involved in cutaneous inflammation and glomerulonephritis [21] . Experimental animal models have been observed to have high levels of MMP-9 in induced pathological conditions, including emphysema and chronic obstructive pulmonary disease [22] . MMP-14 and -17 are members of the membrane type subfamily, which are expressed in thoracic aortic aneurysms [23] and the oral mucosa [24] , respectively. In the present study, afLd was found to inhibit MMP-7, -9, -14 and -17 expressions, suggesting that MMP-7, -9, -14 and -17 may be involved in alleviating inflammatory events during an inflammation outbreak.
In the present study, we found that afLd had an inhibitory effect on LPS-induced NO production and repressed the secretion of the inflammatory cytokine IL-13. As mentioned, IL-13 is a pivotal cytokine that is produced by Th2 cells and secreted to activate nascent B cells, by which histamine is ultimately produced. The resulting histamine can induce IgE expression. Therefore, these two mediators serve as landmarks for assessing the extent of inflammation in several conditions, such as edema and allergic hyper-responsiveness [25] . Collectively, we demonstrate that the antioxidant fraction has potential in ameliorating skin inflammation if it can be applied for the purpose of nutraceuticals, cosmetics or biomaterials. 
Preparation of the aqueous fraction and HPLC analysis:
Adult imagines of Lycorma delicatula were collected from the Suwon area and used for preparation of extracts. In brief, the whole imago (100 g) was dried at 60°C for 48 h, and extracted with 3 volumes of distilled water at 60°C for 72 h using an extractor (DWP-3800T; DaeWoong Co., Seoul, Korea). Thereafter, the extract was centrifuged at 2,500 xg for 10 min to collect each supernatant. The extract was pulverized to powder. The extract was filtrated (8 m; Millipore), lyophilized, and finally yielded a 2.2% aqueous extract. The residue was then dissolved in suitable buffers and adjusted to a concentration of 100 mg/mL for further investigation. This extract, designated as the 'anti-oxidative fraction', was used in a variety of in vitro and in vivo assays. The insects were obtained between July and September 2015, as identified by Dr. W.-S. Choi of JeonJin Bio Co., Ltd., and the voucher specimens of the insect (2015-Ld) have been deposited in the Enzyme Biotechnology Lab (Kyungpook National University, Daegu, Korea). The HPLC data of the extract was collected as described elsewhere [26] .
Cell culture, cell viability and T-bet promoter assay: The RAW264.7 murine macrophages (American Type Culture Collection, Manasas, VA, USA) were incubated in Dulbecco's modified Eagle medium (DMEM; Life technologies, Grand Island, NY, USA) containing 10% fetal bovine serum (FBS; Life technologies) and a mixture (Sigma-Aldrich) of 100 units/ml penicillin plus 100 g/ml streptomycin sulfate in a humidified 5% CO 2 atmosphere. MTT assay was carried out to measure cell viability in cells cultured with the Lycorma delicatula fraction as described previously with a slight modification [10] . A T-bet promoter assay was carried out to confirm whether the Lycorma delicatula fractions affect the promoter activity [27] .
Splenocyte isolation and ELISA assay for IL-13: Spleens (Balb/c, male, 6-week old) were harvested from male Institute for Cancer Research (ICR) mice (Samtaco Korea; Osan, Korea) and dispensed through a metal mesh into RPMI-1640 medium (containing 10% FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin) to obtain single-cell suspensions as described previously [28] . All procedures were approved by the Ethics Committee of Kyungpook National University (Approval No. 2015-0039; Daegu, Korea) and followed the guidelines of the International Association for the Study of Pain Committee for Research and Ethical Issues [29] . IL-13 level was determined using a sandwich ELISA, as described previously [18] .
RT-PCR analysis of mRNA expression: Total RNA was extracted using TRIzol (Invitrogen) according to the manufacturer's instructions [30] . The quality of the total RNA sample was evaluated by determining the optical density (OD) 260/OD280 ratio. To prepare a cDNA pool from each RNA sample, total RNA (2 μg) was reverse transcribed at 42°C for 90 min in the presence of oligo(dT) primers and reverse transcriptase (Roche Molecular Biochemicals). cDNA was amplified by PCR for 1 cycle each of 5 min at 94°C; 94°C for 30 sec, 30 sec at 56°C, and 1 min at 72°C for 19 cycles, followed by a 10-min elongation cycle at 72°C using a PCR Thermal Cycler Dice TP600 (TaKaRa Bio Inc.; Otsu, Japan). The oligonucleotides primers for mouse MMP-7 (forward, 5'-GTG GAG TAT GCA GAT CCC ACT G-3'; reverse, 5'-TCA CAG TAC CGG GAA CAG AAG A-3'), mouse MMP-9 (forward, 5'-AGT TGT GGT GGT GGC TGG AG-3'; reverse, 5'-TCT TTG AGG GCC GCT CCT AC-3'), mouse MMP-10 (forward, 5'-GGT GGC TTC AGT ACC TTC CC-3'; reverse, 5'-CTG AGG GTG CAA GTG TCC AT-3'), mouse MMP-12 forward, 5'-TCC ATA TGG CCA AGC ATC CC-3'; reverse, 5'-TTT GGT GAC ACG ACG GAA CA-3'), mouse MMP-13 forward, 5'-GGA CCT TCT GGT CTT CTG GC-3'; reverse, 5'-ATC AAG GGA TAG GGC TGG GT-3'), mouse MMP-14 forward, 5'-AGC CTG GCT GCA GCA GTA TG-3'; reverse, 5'-TGA GCC AGG AAC CCT CCT TC-3'), mouse MMP-16 forward, 5'-CCA GGA ATT GGA GGC GAT ACT-3'; reverse, 5'-CTC ACT CGC CAA AAC CAC TG-3'), mouse MMP-17 forward, 5'-ACT TGG CTG TTC CTT TCT GGA G-3'; reverse, 5'-TAG ATA GGT TAG CCA TGG AGG C-3'), and mouse glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as an internal control (forward, 5'-GCG AGA CCC CAC TAA CAT CA-3'; reverse, 5'-GAG TTG GGA TAG GGC CTC TCT T-3') were used. The PCR products were electrophoresed at 100 V for 40 min on a 2% agarose gel (Life Technologies) in TBE buffer.
Statistical analysis: Data are expressed as the means ± standard deviations. Statistical significance was determined by a Student's ttest for independent means, using the Microsoft Excel program. The critical level for significance was set at p < 0.05.
